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INTRODUCTION: The Background t o , and Aims o f the I n v e s t i g a t i o n . 
The i n v e s t i g a t i o n i s centred upon Cranberry Bog ( g r i d reference 
2354> Ordinance Survey 2 ^ i n c h sheet NZ' 2 5 ) , which i s s i t u a t e d i n the 
Western p a r t of County Durham, about 8 miles t o the south of Newcastle. 
The &eology 1 i n c h map, sheet 105 SW shows a s o l i d rock base o f 
6arboniferous 6oal ffles.sures o v e r l a i n by g l a c i a l d r i f t . The Durham 
Geological Survey Memoir ( F r a n c i s & Smith) gives the f o l l o w i n g sequence 
of sediment d e p o s i t i o n f o r t h i s area -
Upper Stoaey Clays Os-50 f e e t 
Middle Sands, G-ravels and Clays 0 -260 f e e t 
Lower Boulder Clay 0 -120 f e e t 
Carboniferous Coal Measures 
The Lower Boulder Clay i s a s t i f f dark grey or grey-brown c l a y , 
which was deposited by a major i c e sheet moving south or south-east 
from the Southern Uplands of Scotland and the E n g l i s h Lake D i s t r i c t . 
A l a r g e p a r t of the Middle Sands, G-ravels and Clays were formed d u r i n g 
the decay o f the Lower Boulder Clay i c e by s u b - a e r i a l out?/ash o f the 
i c e . Streams cut channels i n t o the Boulder Clay which became f i l l e d 
w i t h cross-bedded coarse gravels, f o l l o w e d by l e v e l bedded s i l t y deposits 
as the amount of turbulence, water f l o w and supply o f sediment was r e -
duced. There i s a pronounced l a t e r a l v a r i a t i o n and t r a n s i t i o n from one 
deposit t o another. The Middle Sands around Cranberry Bog are thought 
t o have formed t e r r a c e deposits o f the b u r i e d v a l l e y o f the River Team. 
The Upper Stonsy Clays are g e n e r a l l y t h i n , l i g h t brown, sandy gleyed 
clays w i t h bleached and weathered pebbles. 
I t i s g e n e r a l l y thought t h a t t h i s area experienced only one g l a c i -
a t i o n , but i t has been suggested by some, t h a t the Upper Stoney Clays 
may represent a r e t u r n t o c o l d c o n d i t i o n s , and t h e r e f o r e i n d i c a t e the 
presence o f a second g l a c i a t i o n . Others e x p l a i n the presence o f the 
Upper Stos-ey Clays by saying t h a t they were deposited i n a l o c a l readvance 
of the i c e i n the same g l a c i a t i o n t h a t caused the d e p o s i t i o n of Lower 
Boulder/ 
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Boulder Clay and Middle Sands, Gravels and Clays. 
Deposits of ths P o s t - G l a c i a l p e r i o d are represented by l a c u s t r i n e * 
a l l u v i u m along stream v a l l e y s and by peat deposits i n p o o r l y drained 
areas. 
Map 3 expresses t h i s v a r i e d geology. The complex p a t t e r n can 
he explained by the pronounced l a t e r a l v a r i a t i o n i n thickness of the 
g l a c i a l deposits and the h i g h l y dissected nature o f the topography. 
A combination o f g l a c i a l and f l u v i a l e r o s i o n has given r i s e t o the 
deep v a l l e y s , some of which have become p a r t i a l l y f i l l e d w i t h recent 
a l l u v i u m . Boulder Clay i s dominant, covered i n some places w i t h 
sand and gravels, e s p e c i a l l y along the v a l l e y sides o f the River Team. 
Where no g l a c i a l sediments have been deposited, or where they have 
been eroded away, 6arboniferous 6oal Measures are exposed. 
The deep, harrow v a l l e y s are, f o r the most p a r t , f o r e s t e d , w i t h 
enclosed meadows and arable f i e l d s on the more g e n t l y s l o p i n g l a n d 
above the v a l l e y s . Roads, where p o s s i b l e , avoid the v a l l e y s and apart 
from the towns o f Stanley and Chester-le-Street, the settlement p a t t e r n 
i s mainly one o f small v i l l a g e s s c a t t e r e d amidst the enclosed farm land. 
(See maps 2 and 4 ) 
I n a small depression, i n the Middle Sands and Gravels, Cran-
b e r r y Bog has developed. A 100 f t . bore taken, j u s t t o the west of 
the Bog, by the Cementation Company L t d . , i n 1949, reveals the f o l l o w -
i n g successions : -
S o i l and Ashes 1 f t . 
Sand 29 f t . 
Sand and Boulders 70 f t . 
Vi/'ithin the Bog, there i s an average o f 7 - 8 f t . o f peat, o v e r l y i n g 
a t l e a s t 1 4 f t . o f blue clay w i t h pebbles, and becoming sandy towards 
the top. 
Although i t l i e s w i t h i n the 300 f t . contour on the map, the 
western edge o f the Bog has been l e v e l l e d t o 00 292 by the Cementation 
Company. I t i s surrounded by higher land, except i n the south, where 
t h e r e / 
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there i s a break i n the surrounding h i l l s , and a d i t c h drains the 
Bog t o Beamish Burn V a l l e y . There i s no sign of any surface drainage 
over the Bog 1s small catchment area. 
Cranberry Bog i t s e l f i s very small (Map 5 ) extending a t a maxi-
mum t o 220 yards, North-South, and Tj6 yards East-West. F i e l d s 
surrounding i t , i l l u s t r a t e the mixed nature of t h i s region's a g r i -
c u l t u r e . There are 2 p a s t o r a l f i e l d s , occupied by cows and sheep, 
2 f i e l d s sown w i t h b a r l e y and 1 w i t h potatoes. These sands and 
gravels are e s p e c i a l l y w e l l s u i t e d t o arable c u l t i v a t i o n , because 
of the l i g h t porous s o i l s they produce, and the ease w i t h which they can be 
be enriched w i t h organic matter from Cranberry Bog peat. The peat has 
l o n g been dug f o r l o c a l a g r i c u l t u r a l purposes, and 30 years ago, i t 
was marketed commercially. The present owner, Mr. Anderson, has been 
c u t t i n g the peat f o r h o r t i c u l t u r a l use, f o r the l a s t 2 years. Due t o 
these peat usages, a l a r g e p a r t o f the Bog has been removed, and the 
remainder i s r i d d l e d w i t h drainage channels t o dry out the peat, f o r 
f u t u r e use. 
The present v e g e t a t i o n i s a r e f l e c t i o n o f man's i n t e r v e n t i o n . 
The d r i e d out peat surface i s covered w i t h b i r c h t r e e s and a dense 
ground l a y e r o f bracken. The reason why no d e t a i l e d survey has been 
c a r r i e d out here, i s due t o the almost impenetrable nature o f the summer 
growth of the bracken. Where the outer drainage d i t c h has been Mocked, 
patches of reed marsh have developed, w h i l e over the r e s t of the area, 
where the peat has been removed, i s a covering o f grasses, various weeSs, 
bracken and the occasional b i r c h t r e e . Towards the outer l i m i t s o f the 
Bog, the peat becomes very shallow, and contains mach sand and many 
stones. Here, the v e g e t a t i o n changes t o mixed woodland w i t h b i r c h , elm, 
sycamore, oak, hawthorn and ash a l l represented. The bracken undergrowth 
becomes l e s s dense, and many grasses are allowed t o grow. 
Dr. Turner discovered the s i t e , and gave i t t o me t o i n v e s t i g a t e 
f o r the purpose of t h i s d i s s e r t a t i o n . I t was e a s i l y accessible by 
road, and p e r f e c t f o r study as the whole p r o f i l e o f the peat was exposed 
i n / 
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i n a newly cut face. The aims o f the i n v e s t i g a t i o n were t o f i n d 
out the age and o r i g i n o f the peat, and t o study the v e g e t a t i o n a l 
h i s t o r y o f the area by means of p o l l e n a n a l y s i s , macro-plant 
a n a l y s i s and the a n a l y s i s of the Bog's s t r a t i g r a p h y . I t was 
o r i g i n a l l y thought t h a t the peat was o f recent age u n t i l , through 
p o l l e n a n a l y s i s , i t was found t o have been b u i l d i n g up since the 
end o f the G l a c i a l Period, and l a t e - g l a c i a l p o l l e n was found i n 
the mineral deposits below the peat. Therefore, the f o r m a t i o n of 
the basic p o l l e n diagram became the main o b j e c t of study w i t h the 
s u b s i d i a r y problem* of e x p l a i n i n g an apparent break, or number o f 
breaks, i n d e p o s i t i o n , beneath the recurrence surface of the peat. 
FIELD and LABORATORY METHODS 
( 1 ) F i e l d Work 
For the i n i t i a l i n v e s t i g a t i o n , p a r t of the peat face was s e l e c t e d 
near the centre o f Cranberry Bog, where the sequence of d e p o s i t i o n 
was presumably most complete, cleaned up w i t h a spade, and 
examined. The s t r a t i g r a p h y was determined, and each ho r i z o n 
measured and examined f o r composition, s t r u c t u r e , t e x t u r e , colour 
and degreee o f h u m i f i c a t i o n . This p r o f i l e was then compared w i t h 
other p a r t s of the peat face, and borings through the peat ( t a k e n 
w i t h a H i l l e r Peat Sampler) and was found t o be t y p i c a l of the 
c e n t r a l p a r t of the peat mass. 
A monolith, about 9 inches by 6 inches i n cross s e c t i o n , was 
then cut from the face, which extended from 0 - 2 6 4 cm. i n t o the 
mineral deposits below the peat. This was taken back t o the^ l a b -
o r a t o r y i n several sections, t o be used f o r p o l l e n sample prepa r a t i o n s , 
and more d e t a i l e d p l a n t and s t r a t i s g r a p h i c a l a n a l y s i s . 
I n order t o o b t a i n samples from deeper than 264 cm. a second 
p r o f i l e was examined. A p i t was dug i n t o the mineral sediments below, 
the peat, some lb f t . from where the f i r s t m onolith had been taken. 
A monolith was again taken, from 214 -338 cm. and sampled i n the 
l a b o r a t o r y . 
cont' d. 
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These 2 p r o f i l e s were c o r r e l a t e d a c c u r a t e l y where they overlapped, 
by s t r a t i g r a p h y and p o l l e n a n a l y s i s . 
A t h i r d p r o f i l e was l a t e r examined, and samples f o r p o l l e n 
a n a l y s i s were ts.ken here, a t every 4 cm. i n the f i e l d . This was t o 
provide a check against p a r t o f p r o f i l e 1 where the p o l l e n diagram 
was unclear. 
( 2 ) Laboratory Work 
I n the l a b o r a t o r y , samples f o r p o l l e n a n a l y s i s from the monolith 
of p r o f i l e 1 , were taken a t cm. i n t e r v a l s , put i n t o glass tubes 
and marked. The advantage o f sampling i n the l a b o r a t o r y , r a t h e r 
than i n the f i e l d , i s t h a t g r e a t e r care could be exercised i n 
p r o c u r i n g pure uncontaminated samples. The remaining peat was then 
cut up i n t o blocks of 5 cm. depth, l a b e l l e d , and preserved i n p o l y -
thene bags^ t o keep the peat s u i t a b l y moist, f o r f u r t h e r study. 
The P r e p a r a t i o n of Peat Samples f o r P o l l e n Analysis 
"The o b j e c t o f preparing the samples i s t o concentrate any spores, 
and p o l l e n g r a i n s present, and render them as v i s i b l e as p o s s i b l e by 
( l y d e f l o c c u l a t i o n . ( 2 ) removal of extraneous matter and ( 3 ) embedding 
i n a s u i t a b l e medium*. ( F f t e g r i and Iverson, 1364) -
Each sample was broken down by b o i l i n g i n a s o l u t i o n o f 10$ sodium 
hydroxide b o i l i a g i n a b o i l i n g tube, then f i l t e r e d through a sieve 
i n t o a 40 cc. c e n t r i f u g e tube t o remove large p l a n t fragments. 
These remains were preserved i n a l a b e l l e d glass tube, f o r f u t u r e 
i d e n t i f i c a t i o n . C e l l u l o s e was then removed from the f i l t r a t e con-
t a i n i n g the p o l l e n by a c e t o l y s i s . The stages i n t h i s process are :-
( 1 ) washing f r e e of NaOH by adding d i s t i l l e d water. 
( 2 ) washing f r e e of water by adding g l a c i a l a c e t i c a c i d . 
( 3 ) adding a mixture of 100 cc 1 s of a c e t i c anhydride and 1 cc. o f 
concentrated h^SO^, and heating i n a b o i l i n g water bath f o r one 
minute. 
( 4 ) adding 2 drops of g l a c i a l a c e t i c a c i d , then d i s t i l l e d water: 
a f t e r each stage the sample was c e n t r i f u g e d i n a 15 cc. c e n t r i f u g e Vv. 
tube. 
Each sample was then mounted on s l i d e s , i n a mixture o f g l y c e r i n e 
j e l l y and s a f r a n i n s t a i n and l a b e l l e d ready f o r counting. 
Below/ cont'd. 
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Below 250 cm. samples contained much s i l i c e o u s matter which 
was removed by treatment w i t h h y d r o f l u o r i c a c i d . This w&3. done 
before removing c e l l u l o s e by a c e t o l y s i s . Each sample was put i n t o 
a c r u c i b l e and conceirated hydrogen f l u o r i d e added. This was 
b o i l e d f o r 4 minutes, then poured i n t o 10% HCl and c e n t r i f u g e d . 
A white residue formed, which was removed by h e a t i n g i n a water 
bath. Because o f the dangerous nature of HF, the fume cupboard 
had t o be kept on t o remove fumes, w h i l e rubber gloves and goggles 
had t o be worn f o r p r o t e c t i o n against any explosion, or s p i l l a g e 
of the solution,, 
Samples from p r o f i l e s 2 and 3 were prepared by the same treatments. 
The B r e p a r a t i o n of P l a n t Macro-remains f o r I d e n t i f i c a t i o n 
Each o f the glass tubes c o n t a i n i n g p l a n t remains produced i n the 
preparations o f samples f o r p o l l e n a n a l y s i s was examined, and 
such remains as leaves, r o o t s , seeds and f r u i t s i d e n t i f i e d . The 
peat blocks preserved i n polythene bags were examined more c l o s e l y 
than i n the f i e l d f o r general composition, t e x t u r e and s t r u c t u r e , 
then broken down i n a s o l u t i o n of 5$ NaOH, sieved, and the p l a n t 
remains i d e n t i f i e d i n a s i m i l a r way t o those remains i n glass tubes. 
The I d e n t i f i c a t i o n o f P o l l e n Gi-rains and Spores 
I n i t i a l l y , Dr. Turner taught me how t o i d e n t i f y p o l l e n g r a i n s . 
Subsequently, g r a i n s found f o r the f i r f e t time were run down i n the 
key given by Faegri and I v e r s o n ( 1 9 6 4 ) , compared w i t h drawings i n 
Erdtman ( 1 9 4 3 ) and f i n a l l y checked w i t h the type s l i d e c o l l e c t i o n . 
The I d e n t i f i c a t i o n of Macro-remains. 
The commonest recognisable p l a n t remains were Sphagnum leaves, 
which were run down i n the key t o B r i t i s h Sphagna (jProctor) 1955,) 
and then compared w i t h type m a t e r i a l . The major d i f f i c u l t y , which 
was p a r a l l e l e d i n a l l other f o s s i l m a t e r i a l was c l a s s i f y i n g down t o 
species l e v e l . I n the case o f the Sphagna i t was sometimes only 
p o s s i b l e / 
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p o s s i b l e t o get them t o s e c t i o n l e v e l . Other mosses were run down i n 
the key given i n Watson ( 1 9 5 5 ) and compared w i t h type m a t e r i a l . 
I n the case of seeds and f r u i t 3 no key was used, but the drawings 
i n Brouwer and tStahlin ( 1 9 5 5 ) and B e i j e r i n c k ( 1 9 4 7 ) . A l l i d e n t i f i -
c ations were then checked against type m a t e r i a l i n the Herbarium. 
- 0 -
THE RESULTS OF POLLEN AND STRATI&RAPHICAL ANALYSES 
The d e s c r i p t i o n o f the bog s t r a t i g r a p h y i s taken from a com-
b i n a t i o n of the i n v e s t i g a t i o n s of p r o f i l e s 1 and 2 . 
0 -12 cm: H i g h l y h u m i f i e d peat, w i t h occasional leaves of Sphagnum 
species; Sph. reourttum agg. and Sph. a c u t i f o l i a agg. 
Penetrated by Eetula roots and Pt e r i d i u m rhizomes, and 
co n t a i n i n g dead remains of B e t u l a and Pteridium which give 
the peat a secondary f i b r o u s nature. 
12—40 cm: Dark brown, moderately humified Sphagnum peat. Some 
Calluna twigs but mainly Sphagnum species; Sph. cuspidatum, 
Sph. recurvum agg., Sph. p a l u s t r e and Sph. a c u t i f o l i a agg. 
Betula seeds a t 25 cm. 
Z(£)-69 cm: L i g h t brown, weakly humified f i b r o u s Sphagnum peat: 
Sph. palustre:> Sph. cuspidatum. and Sph. recurvum agg. 
dominant. Also Carex ftf. limosa seeds, Menyanthes seeds 
between 55 and 68 cm. and Betula twigs and wood a t the 
base.. 
69-98 cm: Dark, moderately h u m i f i e d Sphagnum peat; Sph. p a l u s t r e and 
Sph. recurvum agg. dominant, w i t h seeds of Carex of. limosa 
and Juncus. and remains of CalHuna present. The peat i s 
sandy w i t h l a y e r s o f sand concentrated between 78 and 88 cm. 
Well rounded sandstone pebbles up t o 6 inches across are found 
at i n t e r v a l s , a l l at the same horizon, r e s t i n g on the sand 
l a y e r s . Towards the top o f t h i s sediment, there are charcoaled 
Calluna fragments, suggesting burning of the peat surface vege-
t a t i o n , 
98-180 cm: Black,, very spongy, moderately h u m i f i e d peat, composed o f 
a l t e r n a t i n g l a y e r s of Bryophytes (Sgh. cuspidatum, Sph. 
recurvum agg, Sph. a c u t i f o l i a agg, and Aulocomnium p a l u s t r e ) 
Calluna v u l g a r i s and Eriphorum Vaginatum 
180-229 cm: Compact and s t r a t i f i e d Bryophyte peat. Moderately humified 
but moss leaves are i n a st a t e of good p r e s e r v a t i o n . Leaves 
of Sph. cuspidatum, Sph. recurvum agg, Sph. p a l u s t r e , Drepan-
ooladus f l u i t a n s ; and Autocomnium p a l u s t r e dominate the deposit. 
cont 1 d. 
- 9 -
229 -259 cm: Very compact, w e l l s t r a t i f i e d , h i g h l y humified swamp 
peat. Plant remains dominated by the leaves and pyrenes of 
Potamogeton, leaves o f Phragmites, and the remains of 
Carex o f r o s t r a t a . Leaves of Drepanocladus f l u i t a n s , 
Acrocladium cuapidatum, Campylium s t e l l a t u m and Sphagnum 
subsecunda agg. are p o o r l y preserved. The occasional seed 
of Menyanthes was found. The peat becomes sandy towards 
the base. 
259 -75 cm: Unconsolidated grey d e t r i t u s sand, w i t h lenses of pure 
sand and many coal fragments. Becoming clayey towards 275 cm. 
Very few p l a n t remains - only Carex of. r o s t r a t a f r u i t s , seeds 
of Empetrum rfigrum and a l e a f o f A n a g a l l i s t e n n e l l a found 
at 270 cm. 
2 7 5 - 9 1 cm: Compressed brown-grey clay w i t h a few coal fragments and 
sandy bands. Few p l a n t remains but ichenes of Ranunculus, 
Batrachian sp. i d e n t i f i e d . 
2 9 1 cm: Very abrupt break; very t h i n l a y e r of y e l l o w i s h sand. 
291 -308 cm:- Sandy, b l u i s h - g r e y lake clay",:: w i t h blue shale fragments. 
L i t t l e organic matter. 
3 0 8 - 3 3 4 cm: Fine brown d e t r i t u s w i t h s i l t y t e x t u r e and sand lenses. 
Many p l a n t remains. Seeds o f PotamogetoQ and Carex Of. 
r o s t r a t a dominant. Also found was. a Batrachian achene. 
up t o 3 3 4 cm: Blue sandy lake clay w i t h h a r d l y any organic remains, 
but many angular fragments of co a l , stone and quartz. 
I t grades t o blue c l a y v/ith shale fragments and stones a f t e r 
about 350 cm. This c l a y has been bored t o a depth o f 14 f t . 
w i t h o u t a s i g n i f i c a n t s t a t i g r a p h i c a l change being noted. 
An explanation of t h i s development sequence w i l l be d e a l t 
w i t h i n the discussion. 
The r e s u l t s obtained from the analyses o f the p o l l e n samples 
have been constructed i n t o p o l l e n diagrams 1 t o 8 . Diagram 1 shows 
the r e l a t i v e frequencies of the t r e s s , shrubs and herbs, each ex-
pressed as a percentage of t o t a l dry-land p o l l e n . I n the Post-
g l a c i a l diagrams ( 2 - 5 ) , the r e l a t i v e frequency o f the d i f f e r e n t p o l l e n 
t3T?es, i s expressed as a percentage of t o t a l t r e e p o l l e n , w h i l e i n 
the L a t e - G l a c i a l diagrams ( 6 - 8 ) , each p o l l e n type i s expressed as a 
cont* d. 
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percentage of t o t a l dry land p o l l e n . 
The p o l l e n sum has been 150 t r e e p o l l e n i n the P o s t - g l a c i a l 
spectra, and 200 dry-land p l a n t p o l l e n i n the L a t e - g l a c i a l spectra. 
There i s one exception t o t ^ i s p a t t e r n , namely, the top 12 cm. o f 
the p r o f i l e where over-representation by Betula, P t e r i d i u m and the 
P i l i c a l e s , growing on the d r i e d bog surface, has had t o be corrected 
f o r . F a e g r i and I v e r s o r i 1 s formula was used t o compensate f o r t h i s over-
r e p r e s e n t a t i o n . (Paegri and Iverson, 1964 ) 
p i = a p 100 - r' 
$ - a r 
p i = the 1 corrected' percentage to be c a l c u l a t e d 
a.p = the number of p o l l e n grains of the species 
i n the count, 
r' = the ' f i x e d * percentage o f the over-rep-
sented species 
tir = the number of grains o f the species 
S = the t o t a l of a l l p o l l e n grains included 
i n the sum 
I t was assumed t h a t the non-local Betula percentage had not changed 
from i t s reasonably constant values i n the 32 cm. below t h i s l e v e l . The 
values were 5 1 . 3 $ , 5 1 . 9 $ , 5 0 . 0 $ , 5 1 . 3 $ , 5 3 . 6 $ , so 52$ was used as the 
f i x e d percentage of Betula ( r 1 ) i n the counts at 2 , 8 and 12 cm. 
O r i g i n a l l y Betula. had accounted f o r up t o 98$ of the t r e e p o l l e n . 
Plfefldium and the F i l i c u l e s were given a ' f i x e d ' percentage at each 
l e v e l , r e l a t i v e t o the 52$ of Betula. 
A f t e r each count, the s l i d e was examined f o r a d d i t i o n a l p o l l e n 
g r a i n s , which are represented QB the diagrams by crosses. P o l l e n 
percentages are represented by h o r i z o n t a l l i n e s . These l i n e s have not 
been connected from one spectrum t o the next, because the curves pro-
duced may be a f a l s e s i m p l i f i c a t i o n of the a c t u a l s t a t e of a f f a i r s , as 
the peat between adjacent spectra has not been sampled, and could 
conceivably contain i r r e g u l a r i t i e s . 
The diagram has been zoned p r i m a r i l y according t o !ofee G-odwin's 
scheme (Godwin, 1 9 5 6 ) . P o l l e n zones 11 t o # 1 1 1 are represented. This 
zonation has been supported i n some cases by the bog s t r a t i g r a p h y , but 
t h e cont' d. 
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the l o c a l hydrological succession has not necessarily shown a 
se r a i change i n accordance with pollen zone indicators. The 1-11, 
11-111,111-1V and V l l - V l l l pollen zone and s t r a t i g r a p h i c a l boundaries show 
good correlation'. 
The horizon separating the Late- and Po s t - g l a c i a l periods, i s at 
259 cms. and i s defined by a large drop i n herb pollen. I t also separates 
mineral sediments below, from peat, above. 
The L a t e - g l a c i a l period i s unforested, with zone IV showing a 
t r a n s i t i o n between open vegetation and f u l l b i rch forest development. 
The Corylus phase i s extremely prominent, extending through zones V and 
VI with i t s peak i n zone Via. The Climatic Optimum i s poorly represent-
ed, with zone V l l concentrated into a few cms. Herb values r i s e 
i n V l l £ and increase greatly above the zone V l l - V l l boundary. 
Zone 1 (up .to 334- cm.) Represented by the higher, more sandy part of 
the blue lake clay. A sample prepared from 338 cm. did not contain 
Cnough pollen grains to make a f u l l count. From 3 s l i d e preparations, 
38 grains were counted; 1 Betula, 10 Binus, 1 Salix, k &ramineaet 
2 Cyperaceae, 1 Compositae(Bellis type), 12 Helianthemum and 
7 Iflvriophyllum. I t could be that t h i s small amount of pollen 
was worked down from the zone 11 deposit, were i t not for the 
high Pinus percentage. Pinus grains can be car r i e d a great 
distance, and i t i s l i k e l y that t h e i r high representation i s 
due $o the fac t that very few plants were growing around Cran-
berry Bog. Alternatively, i t could be that Pinus i s one of the 
few. plants, whose pollen i s preserved i n this, deposit. 
Zone 11 (334-308 cm.) A brown s i l t y deposit with much organic matter. 
Tree pollen values are low, varying from 10$ to 22^. The shrubs 
of Juniperus and S a l i x are consistent through the zone, S a l i x being 
low and .Juniperus high. The combined tree/shrub percentage i s 
between 22 and 32. Of the land N.A.P., &ramineae, Cyperacean 
Empetrunu Filipendula, Helianthemum and Rubiaceae are high, 
Filipendula r i s i n g to a peak of 6fo near the end of the zone. 
Myriophyllum Alternatum dominates the aquatic pollen with 53/S at 
the beginning of the zone, but drops to j.Qfo at the end. The 
Pteridophyte spores are poorly represented. The Plantago grain 
h a S / cont'd. 
- 12 -
"been i d e n t i f i e d as P. maritima-. 
Zone 111.(308-259 cm.) The stratigraphy i s varied, but each sediment 
contains l i t t l e organic material. A bluish-grey lake clay 
(308-291 cm. ) •. s i m i l a r to the zone 1 deposit i s succeeded by 
a d i s t i n c t t h i n layer of yellow sand. I t must be mentioned that 
t h i s break sees the end of an unidentifiable 'pollen-grain' which 
resembles Juniperus, and when counted reaches 42$ just below the 
break. I f t h i s were Juniperus, i t would provide evidence enough 
to question the present position of the zone 11-111 boundary. 
The sand layer i s followed by a brownish-grey clayey detritus 
with sandy bands and lenses (291-275 cm.) and then an unconsolidated 
grey detritus sand (275-259 cm.). Pollen i s preserved i n a l l these 
sediments. Tree pollen values range from 8-11$ and therefore show 
l i t t l e change from zone 11. Pinus, i s higher i n zone 111, and may 
be responsible for the A.P. values appearing similar, due to over-
representation under the colder conditions (see zone 1 description). 
The shrub and herb r a t i o changes define the 11-111 boundary more 
cl e a r l y , with a reduction i n shrub values and an increase i n herb 
values. Salix r i s e s to nearly 10$ while representation by Juni-
perus i s v a s t l y reduced. G-ramineae frequencies remain consistently 
high, but Cyperaceae values, a f t e r an i n i t i a l f a l l at the beginning 
of zone 11, then become higher. There i s a general r i s e i n most 
other N.A.P, curves, except i n the cases of Empetrum, Filipendula 
and Helianthemunr. where f a l l s are observed. The pollen from aquatic 
plants remains low through most of zone 11, but r i s e s again i n the 
sand deposit. 
(NB Rubus chamaemorus pollen was seen but not shown on the dia-
gram, while the Plantago grains present are P. media and P. lanceolata. 
Betula nana has been recorded i n zones 11 and 11, but not counted, 
and derived Carboniferous spores*prominent i n every count.) 
Zone IV (237-259 cm.) Compact and well s t r a t i f i e d swamp peat. As stated 
previously, the Late/Post-glacial boundary i s defined on a sharp 
recession i n herb pollen. At t h i s boundary, there i s also a sharp 
increase i n shrub values, and then at 248 cm. there i s a second 
decrease i n herbs and a sharp increase i n tree pollen. Juniperus 
increases/ cont'd. 
- 13 -
increases from 1 to 15$ over the boundary, while Salix, 
a f t e r a decline towards the end of zone H i , increases again. 
At the r i s e i n tree pollen, Betula apparently takes over from 
Juniperus. v/ith occasional grains of Quercus, Ulmus and Corylus 
pollen coming into the counts. This change i s p a r a l l e l e d by a drop 
i n G-ramineae, Cyperaceae and Empetrum, with the extinction from 
the diagram of the majority of the s t i l l sruviving L a t e - g l a c i a l 
herbs. Salix, unlike Juniperus, remains consistently high through-
out the zone. Another s i g n i f i c a n t point i s that the main decline 
of many of the L a t e - g l a c i a l herb pollen curves - es p e c i a l l y 
Taraxacum, Ranunculaceae, Rumex, and Thalictrum - occurs i n zone 111, 
at about 268 cm. Here, also, the i n i t i a l r i s e s of Filipendula and 
Empetrum are evidenced. The increase of Myriophyllum towards the 
end of zone 111 i s halted at the Late-/Post-glacial boundary and 
Potamogeton takes over dominance with values of up to $1%. There 
are noticeable peaks of the F i l i o o l e s (Dryopt§3li3? mainly) and 
Equisetum, within the zone. 
NB. Percentages given i n the description of t h i s zone, are s t i l l 
expressed i n terms of t o t a l dry land pollen. 
Zone V (204-237 cm.) Swamp peat followed by Bryophyte peat. Following God-
win, the boundary between zones IV and V i s set where the Corylus 
pollen curve :;hows the beginning of i t s sudden and sustained r i s e 
to remarkably high values. I t reaches 230% ( c f t o t a l tree pollen) 
by the end of the zone. Pinus s t a r t s expanding rather l a t e r and 
reaches a maximum of 12.3% within th& zone. Ulmus and Quercus 
are present, but i n small amounts. S a l i x and the Cyperaceae: 
remain prominent, but Juniperus, Filipendula. and the 6ramineae:-
have v i r t u a l l y disappeared. The change from swamp to Bryophyte-
peat i s refl e c t e d i n the f a l l of the avriophyllum, Potamogeton, 
Dryopteris arid Equisetum curves, and the r i s e of Spagnum spores. 
Zone VI (204-93 cm.) Bryophyte peat followed by Sphagnum-Briophorum-fealluna 
peat. The zone i s normally divided into a, b and c sub-zones. 
Diagram 1 shows that i n VTa the shrub phase(comprising mainly of 
Corylus) i s at i t s maximum, but remains prominent throughout the 
zone,/ 
cont' d. 
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while the herb percentages are at a minimum. Besides the 
r i s e i n Corylus to over 500$ of t o t a l tree pollen, the zone 
V-Vl boundary i s defined on the r i s e i n Ulmus and Quercus. 
with Ulmus dominant over Quercus i n Via. S a l i x values are reduced, 
and the f i r s t presence of Hjjdera i s noted, h a l f way through Via. 
The change from Bryophyte peat to Sphagnum-Eriophorum-Salluna 
peat at 180 cm. i s r e f l e c t e d i n reductions i n Sphagnum and Cvper-
aceae, and i n increase i n the Ericaceae ( E r i c a l e s and Calluna). 
Both Ulmus and Quercus increase i n Vl6, but now Quercus becomes 
dominant over Ulmus. Pinus r i s e s to give i t s highest Post-glacial 
values, while Betula, though reduced to 33$ at the end of ^16^ 
s t i l l maintains the highest tree pollen values. Alnus and T i l i a 
join the mixed-oak forest trees of Ulmus and Quereus, i n Vic -
though they are present only i n small numbers. Pinus i s reduced, 
Betula r i s e s , and the Ulmus and Quercus curves are l i t t l e changed. 
Corylus shows much lower values, dropping from 211$ to 44$ within 
the sub-zone. 
Zone V l l (93-69 cm.) Moderately humified, Sphagnum peat. Zone V l l normally 
covers a long period of time, and therefore i s represented by a 
great thickness of sediment deposition, but i t i s here concentrated 
into 24 cm. I t i s subdivided into V i l a and b, but only the l a t t e r , 
apparently i s present i n Diagram 2. Diagram 3 was prepared from 
samples taken from p r o f i l e 3 to t r y and c l a r i f y d i f f i c u l t i e s cre-
ated because of the condensed nature of the deposit, and here one 
prepared sample did reveal true V i l a c h a r a c t e r i s t i c s . The V l / V l l a 
boundary i s put where Alnus r i s e s sharply from 2 to 15.5$ and where 
Pjinus s t a r t s to decline. The boundary between zone V i l a and V l l b 
i s defined by a f a l l i n Ulmus, and i n Diagram 2 the r i s e i n Alnus, 
and f a l l i n Ulmusi occur i n same sample. Pinus i s further reduced 
at the Vlla/b boundary, but r i s e s again within V l l b . Betula 
pollen remains the highest tree pollen, with values of about 50$; 
Quercus remains f a i r l y constant, while T i l i a i s represented i n 
every count. Fraxinus makes i t s f i r s t appearance i n V l l b . Herb 
values/ 
cont' d. 
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values r i s e continuously through the zone, mainly due to the r i s e s 
of G-ramineae and Cyperaceae, but many other plants of open habitats re-
appear. E s p e c i a l l y i n d i c a t i v e of human intervention i s the r i s e of 
Plantago lanceolata and the appearance of the occasional cereal grain. 
Zone V l l l (69-0 cm.) Regeneration cycle of Sphagnum peat. The opening of the zones 
i s marked by a pronounced recurrence surface and many pollen indicators 
tt 
of*ahange to a more oceanic type of climate, and a great increase i n 
human interference. T i l i a almost disappears; Pinus and Ulmus 
greatly decrdase, Alnus and Corylus undergo a temporary increase, 
while the increase seen i n Quercus i s of a more permanent nature. 
Betula shows a temporary decrease; Fraxinus establishes i t s e l f , 
while occasional grains of Fagus are found. The top 12 cm. have been 
greatly disturbed by drying out and long incorporation of more recent 
pollen, but here Ulmus and Pinus increase again, Corylus f a l l s , 
and pollen, of the introduced tree Acer, i s found. Above the V l l / V l l l 
boundary, herb values reach a maximum, then f a l l , but r i s e again 
towards the top of the zone. 
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51.30 "5310%: r.'.h.e Development of Cranberry 3OA and the i n t e r p r e t a t i o n 
of Local Veget.vtiot'i:-.l Ghcn»-e^ which occur through the Late- and ?ost-
C - l i c i a l Periods. 
Cranberry Sog has for:r.cd i n a hollow i n the k i d d l e Z. rids ca;d Grt-vels, 
l i . i d down i n the i J l = i s t o c e n e . '1 here i s much controversy as t o j u s t where 
these deposits f i t i n t o t.ie ' : l a c i ? . l Siiccess-ion (?rHiicis and Smith) - whether 
t'.i-v -'3ra connected v;Jth "'-he Cipping or -loichselij.n , : l a c L - j t i o n . « d e t a i l e d 
e;-i.'B:inoiti.-.<n j f the :3to:iey-cli./ deposits • i t ' n i n •;.he basin may have c l a r i f i e d 
the si t o i ' t i o r i by exposi.it; deposits of - i n t e r ^ l a c i h l or i n t e r s t - J i i . l but 
d.is to "'.he L_-ck of i i i . : C .J. iJ.o.a:\te borinp e^.aipnent, t h i s was not done. 
Yhe hollow w i t r i i n i ;e J ^ T A ' S ?,.id gravels could have a r i s e n as a r e s u l t of 
Lu,siren d e p o s i t i o n o.'? I t . c i : . 1 m a t e r i a l , or hnve boon created by a rei - w / i t 
ox i t - n t i c e , le.-:vin{'j ,-ach •= depression on. . s ^ I t i n ^ . 
'las o r i ; , i n of ti.e clc. s ••'.thin the be s i n po;..es an i n t e r e s t i n g ; problem. 
One idea i : - : : - i - . t tnc deposit was b u i l t :;p by sediment war.hod i.:to i.n 
f2;:i:vi-.i:.i; lc by ctrean a c t i o n , but i t seems u n l i k e l y t h i t f o u r t e e n f e e t 
of lake clay could ;;ve been formed by dr^lnape water from ;.c:i t-. small 
catchment area, e s p e c i a l l y t s practic,-. U y s?^: the v.hole of the catchment 
geology i s composed of roe.: p a r t i c l e s above clay ,:ize. « b e t t e r su/fftestion 
seems t o be t . i a t i f • ta«ni£-..>t i c e was l e f t behind, the stoney cL,y could 
have been deposited from the ; n e l t i : i "• j c e . I t i s possible t h a t the t o p , 
v s r y sandy p a r t of fc.ie cLcy i s i a r c e l y composed of s o l i f I j c t i x:_ K ' a t e r i i . 1 , 
:"orTr.sd under the perif-Lrc. 1 .1 c o n d i t i o n s e x i s t i n g i n Zone 1 of the '-..i t e -
g i a c i a l . i:_.'-::'rolo^LctJ. succession, i n v o l v i n g n i n e r a l .."id peat d e p o s i t s , 
c'uit 'd 
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devoloped uwove the clay. 
ThP successionsL development of bogs was f i r s t explained by 
^eber i n his " ' l e r r e a t r i c l i z s t i o n hypothesis". According1 to aiir., tiie 
s t a r t i n g point for oh; development of a peat- bo; i s a reservoir of water. 
L i n e r e I deposits formed at the bo:torn of the water cause a shallowing of 
the re s e r v o i r . ice ve^ .ot.-.'.tion then coloniser, forming a layer of ieat, 
i.nd tr&nsf orr.diir bits previous!./free water—surf p. ce into peat "land. 1 1 1'hi 
f i i ' 3 t stt .-je s,i t e r r a s t r i e l i z a t i o n i s •brpuf nt about by aquatic reed 
associations. In siibsre. *icts.% stt-ret , I,lie tioir 'face is invaded by a 
veret'.tion of l e s s exacting reeuireiaents t s to ground water l e v e l . Reed 
association are replaced by sedfo :;;oc'i^ tioa£ -.zi ae ths s irf:.ce rifles 
hinder and aiphur s.JOve t.'ie wtter-tc ole, proper conditions fre c r a t e d 
for the invation of' a f l o i c j.i more ;md .reore ' t e r r e s t r i a l type. 
Cl t i a - tely., tlie bor- surface if invaded by forest. 
neber thought that the transform t Ion stages, of £. bog took place 
without any e s s e n t i a l c.iar ';ee of exter.isl factor*, ilulcayrtslci (194-9) 
greatly modified tid>3 theory by explaining taut, i n the forrjati.m of peat-
bog, types, external factors are of great Importance. The factors a e of s 
hydrologic nature, with the most importtnt role jelan£>ins? to the movement,, 
of bog waters, kinbr&philous or raized bogs develop where tiiere i s no 
water flow throurn taen. . hers? i s an outflow but no inflow, .id t h e i r 
nhole wats.- supply comee d '.rectly from r a i n f a l l . Raeophilous bo-s are 
those developed onde:r the Influence of mobile rround water. There i s a 
constant supply j f writer flowing - throurh then. Iran? It-ion bog:c are 
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intermediate between the two and 4. change from rheophilous to 
ombroohilous normally invoives a trensitionary ph&se.. 
..e'ber's Hypothesis, and" the modifications made by Kulczynski 
provide a food basis for explaining the hydroseral development of Cranberry 
i5og.. 
Evidence that a ",ake existed i n Zone 1 i s provided by a pollen, sample 
at 233 cm. > where tm ins of Kyrtioahylluin alternatum are present, apart 
.from t h i s , no other plant reraains are presented. 
S o l i f l u c t i o n deposits gre thought to mask the i n f i l l i n g of the la.ce 
i n So-ie 1 but i n Sana I I , the climatic amelioration made for j-rester prud-jctiv 
and v a r i e t y of plant*, inhabiting the lake.iyyriopfayllum alternatum. doininctes 
the aquatic pollen, v-'hile many remains of Potamofe.ot.on are found.. .Remains of 
Carex cf. '.'lostrata.. lan-unculus (3atraeaian type.) and Tyoba are visa present* 
From pollen evidence, i t i s probable that a closed vegetation had developed 
on land, stabalioins the -substratum, and consequently the inorganic percentage 
addrd to the lake sediment was aucc reduced. 
Zone I I I a»aw a return tj more open vegetation, fewer organic remains, 
and a v&riaole sedimentation.. Tj.ae gleysd, blue, sandy clay shows a return 
to 2one I type deposition, und t h i s i s followed by a uniform layer of tiiin 
sand which could represent an UJlGonf or mi tyand period of no deposition. 
cont'd 
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A brown grey sand> clay, then a c j s r s e s o l i f l u c t i - n g«nd succeed t h i s 
break. The sand cr'aS-a into the 'brown clay, and.- i t .could have 
o r i g i n a l l y been a un'.L-f'orm sediment which* due to the cold conditions, 
underwent podsoUzat.Lon. '"/lays,, and ions of iron und aluminium vould 
hsve been leached to thebasie of the deposit, leaving the grey loose sand. 
Ta re i s an absence of a .untie plant remains t,-.roagb. much of the- Zone, bat 
towards the top, iH7r.ioahvllum.- Cares e . j . itostratc.. T./oha and 3atrachian 
32emains c=£ a^ai/i i'o aid. 
Zone IV be.Ks tlje-, befiiiAliie of tbe i ' o r t - ^ l a c i t i l period and -a great 
increase- i n t,ie amount of organic j i t t e r , produced. P-otar20£.etou. i c 
dominant nt f i r s t wl«h n/rloohvllufi pellen percentages very much, reduced.. 
.Phr&gsaites, Cares. igmyaatttOfc and ocSr.irlpn^l r,:o.ss vaEis.ins show t n c t the 
lcke rapid'I,;' becomes; £.edimi=ated up- i n this 3one. The presence v£ s,ocl± 
cpecle... aa Acrocladlu.; cas lidat'nu. Carney lima otelldbum. :.nd. cpeciei .if t;ie 
Zohsr.-'.nam. Bubsacuada ^r~ap \ ost i.lu.t . t th i s j/V. j e , the pect foraed yas 
t.r.-.nsltij:E..l in- cic'rs -etcr. 
i.'aj re„;.on why &•• trtusifcioritj. bog, has developed i s , as alrs.&dy nte-itijned, 
•due to l o c t l iiydrolo.; ic&l c-andltijrjg-, ..V.tcr c.-.n enter c Lake bssin as 
r a i n f a l l , by run-off and sa -.p^ 'e fi\;:a 'tie i».j-.edict3 catchment, or from &n 
inflow ^ti-esm, derived, fron o^tj'ide the t.^.cdii.te Oatcbrent^ 3ellaury 1966). 
The l a t t e r i . / oe very r i c h i n di-a.-olved salts*, L nd ensarer- r water flaw 
through t.io l-.,,ce to -.,2sa av.~/ £.."iy a c i d i c wastes produced by met^ gdisii of 
plant's i n the Lake. I t i s Likely that a l k a l i n e rheophiloaLi p e s t " w i l l farm* 
In JUS* c^ce, due to the i s o l a t i o n of tfeft. spur cuppo; ting Qisja berry 3or, there 
cont'd 
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i s no evidence to s u r e s t that an inflow stream from out. i d e the basin could 
have been present. ..horefore, the only dissolved nutrients present,- and 
the only flaw through the basin could jiave been provided by run off and seepage 
from the l o c a l crtchaent. As the c;-:tch.:ent rock i s not basic i n origin, 
.'.'aw lake nutrients w-.juld hf ve been derived from i t . Consequently, there 
WPS no Kheophilous s'-*.ge in t h e bo£ development, ;nd i t was teceltzonal 
? t Lhe s t t r t . 
At J.-!, e ., tr: u..iitio»i2l swamp -;eet pives way to orafarophilous Sryouhyte. 
peat, .is peat accuraulsted, i t impeded the flow of water tiirough the bssin, 
and, in cjacoouence, the Brel of the luke. roi-e. .«'ith continued peat 
growth, tae w-t-r tt.l>Le rote above the influence of the flowing ground 
water, u n t i l the character of t.ie peat was dot attained only by i t s own 
water table, whie'ri would i t s e l f be dependent only on the precipitation-
evaporation r a t i o . , under the p a r t i c u l f r c l i n a t i e regime. Vhe acid, wastes 
produced b„. the metabolism of the l i v i n g mire wovrid accumulate, and the 
peat would become acid i n character, ".he Dryophyte peat i s dominated by 
moss remains which a l l have a low mineral re-iairdmsnt, aud ^row on wet, 
peaty surfaces. 
Ihe presence of Sphagnum paiustre. which occurs as a dominant regularly 
through the ombrophilous succession, i s unusual. _ t i s not seen as a 
domina-it i n any of the raized bogs outlined by Kulczynski; and tends to 
l i k e d i f f e r e n t conditions, being normally found shaded by trees. Hither 
i t s ecology has changed through time, or Cranberry 3og lias been ourrounued by 
trees for at l e a s t 8,000 years. A hirh 3 e t u l a pollen- percentage seen 
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throughout the p o s t - g l a c i a l diagram, s-iggesta that i t was always present 
near to the bog, and could perhaps have been able to cshade the small, 
area of the bog e f f e c t i v e l y , hartley (1966) has also found Sphagnum 
palustre at Longlee r i o o r , ' ITortttaaberltuid, as a. co-dominant with Sphagnum 
cuspidatum., ^ reserved tinder similar conditions. The 3ryophyte peat was 
formed under f a i r l y consistently waterlogged conditions, but gave way to 
Sphagnum-Srioohorum-Cal-lunq peat at 1S0 cm. L'his exhibits hur.xcock ^nd hollow 
type, peat growth. In he wet hollows, Bphaenun species grown and th&ir remains 
build up humnocks atove the water tcble. Suhaanua i s replaced by EriophoruQ 
vaginatum^. and. f i n a l l y Galiuna vulgaris, as conditions become l e s s moist. 
lialluna r e j o i n s font very l i b t l e peat, and i t tends to have the opposite 
e f f e c t of breaking down the structure of the peat i t I s growing on. 'I he 
water-liable r i s e s with the hummock type peat growth, and a peat-.-structure, 
comprising of t,lterneting layers of Sphagnum. Erioohorum and Galluna. i s 
formed. 
Near the Zone V l / V I I boundary, there i s a change to moderately humified 
Sphagnum peat, with many Calluna fragments, and wood and twig remains of 
3etula at the top. This peat layer i s only 30 cm-* thick end represents 
the very top part of Zone VI and the whole of Zone T i l . Growth mast 
have been very slow., or erosion must have taken place at i n t e r v a l s . 
Evidence of sand i n the peat, with clear sand horizons, concentrated 
between 78-88 cm., oould represent the remnants of the deposit being 
intermittently eroded. The sand grains could have been blown onto the 
peat from surrounding bare ground. Pollen evidence- shows that human a c t i v i t y 
was m?Eked i n the area, and deforestation could have created temporary bore 
cont'd 
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patch.es of ground .hich were eroded before plants could recolonise tuem. 
The phenomina of slow peat gvowth, erosion surfaces, Calluna remains 
and remains of Betuia trees point to drying out of the bogj the natural 
end r e s u l t of a do.nsd ombrophilous mire. The bog here reached i t s 
maximum elevation, maximum drainage, and maximum marginal gradient 
down to the lagg surrounding the doma under the particular- climatic regime 
but charcoaled Calluna fragments end s t ;nes resting on the send layers are 
evidence ox human interference which could also have had and effect on 
the hydrology of trie bog. 
at 69 cm. a"recurrence surface" represents a alimatic change to 
move .-itlantic conditions, which altered the drainage r e l a t i o n s of the 
bog and. allowed repeneration of the peat, k l i g h t , weakly humified 
S phacnuifi peat formed. Weber c a l l e d t h i s surface the prenzhorizont, 
correspond ng to the Zone V±1/7111 boundary. I t was o r i g i n a l l y thought 
to be synchronous i/hroughout North .iest Europe but carbon dating., h&ve 
proved that i t may have formed at various periods due to l o c a l conditions, 
with 500 B.C. beinc; the most frequent. In some places, a nuinbir of 
recurrence surface•• are "eea i n the same p r o f i l e . I t i s hoped that t h i s 
horizon w i l l be rE.dio-cs.rbon dated i n the near future. 
•L'he peat above t h i s surface i s dominated by the remains of Sphagnum 
palustre. Sphagnum, cuspidatura and Sphagnum recurvum a iienFanthes seeds 
and pollen uO.1 pollen of livdrocotyle j u s t above the grenz show that the 
mire surface was flooded before regeneration of the peat commenced. The 
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preserved remains of Setula show that trees established on the the dried 
bog surface ware overcome by floodinp and fresh Sphagnum growth. 
The Sphagnum peat 'beeones moderately humified at LP cm. with similar 
Sphagnum species present, and highly humified from 12 cm. to the surface 
with&ardly any i d e n t i f i a b l e remains or the o r i g i n a l peat forming community 
preserved. Agein the dome has cose into equilibrium with existing 
conditions. The tc : 12 cm. show gre&t- incorporation of recent pollen 
from surface vegetation, and have taken on a secondtry fibrous nature 
due to the presence of many l i v i n g and recently dead roots, leaves and 
twigs. Jetula has colonised the dried bog. surface with a change ovar the 
1.2 era. from J i l i c a l s s to j'teridium dominated undergrowth. I t must be 
stressed t'aat t h i s regeneration cycle may not be a natural r e f l e c t i o n 
of growth under a p a r t i c u l a r climate, as the eli.'.iate could have been 
constantly chanfing. liunan i n tervention must also liave had a greet 
e f f e c t on the succession, i t I s known *.hct the peat has been da«j for 
l o c a l a g r i c u l t u r a l purposes over a long period of time, and i t i s l i l c e l y 
that toaining, burning and grazing have been practised on u>.d around 
Cranberry 3og for p.:;ny centuries. 
This hydrolotglcal succession has been- seen to be complicated and to 
contain problematical features, but can be tentatively c l a s s i f i e d within 
the ay stem outlined by SulcayaB'd. (1948) as a eantinontt.1 r a i j e d bo;,.. 
The major factor determining i t s c l a s s i f i c a t i o n i s i t s watershed s i t e , 
away from the influence of streao-wstar movement. 
cont 1d 
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The p o l l e n diagrams provide the m a t e r i a l f o r the next 
p a r t of the d i s c u s s i o n which i s an attempt to i n t e r p r e t e 
the v e g e t a t i o n a l h i s t o r y of the a r e a . Any s t r i k i n g s i m i l a r i t i e s , 
d i f f e r e n c e s or problems encountered i n comparison w i t h 
other diagrams w i l l be d i s c u s s e d . The Longlee Moor 
s i t e , i n v e s t i g a t e d by B a r t l e y (1966) i s of s p e c i a l i n t e r e s t . 
I t l i e s to the n o r t h of Cranberry Bog, i n Northumberland, 
a t a s i m i l a r a l t i t u d e and showing a s i m i l a r s u c c e s s i o n a l 
development. Godwin (1956) i s used to provide a b a s i s 
f o r camparison w i t h the g e n e r a l p a t t e r n of v e g e t a t i o n a l 
development over the B r i t i s h I s l e s . 
Diagrams 1 and 6 show t h a t t h i s a r e a was unfor e s t e d 
du r i n g the L a t e - g l a c i a l p e r i o d . B i r c h t r e e s were pr e s e n t 
but not as c l o s e d woodland. The Pine p o l l e n was probably 
d e r i v e d from long d i s t a n c e t r a n s p o r t , and not i n d i c a t i v e of 
the presence of Pine t r e e s i n the a r e a . Very l i t t l e p o l l e n 
or p l a n t m a t e r i a l i s pr e s e n t i n the Zone I sediments, and 
t h e r e f o r e t h i s p e r i od must have been one of open v e g e t a t i o n , 
a l l o w i n g c o n s i d e r a b l e e r o s i o n of m i n e r a l . s o i l s . Lake c l a y and 
s o l i f l u c t i o n m a t e r i a l were r e p l a c e d by an organic s i l t i n 
Zone I I . T h i s i l l u s t r a t e s a c l o s e r cover of v e g e t a t i o n 
dominated by Ju n i p e r shrub, which shows high p o l l e n v a l u e s 
throughout the zone. J u n i p e r shrub preceeds b i r c h woodland 
which cannot have been very f a r away. Although p o l l e n 
g r a i n s are preserved i n the Zone I I I l a k e c l a y , there are 
many evidences of a r e t u r n to co l d e r c o n d i t i o n s ; i n c l u d i n g 
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the f a c t t h a t tJbe l a k e c l a y i s s i m i l a r to the Zone I d e p o s i t , 
the a b s o l u t e number of p o l l e n g r a i n s found i s l e s s than i n 
the Zone I I d e p o s i t , J u n i p e r almost d i s a p p e a r s , there i s a 
g r e a t e r r e p r e s e n t a t i o n by the herb s p e c i e s and a q u a t i c p o l l e n 
i s not found. Two other d e p o s i t s , sandy c l a y d e t r i t u s and 
organic sand, complete the Zone I I I sediments. B a r t l e y d e s c r i b e s 
a s i m i l a r s t r a t i g r a p h y f o r Longlee Moor, but puts the two 
l a t t e r d e p o s i t s i n t o Zone I V . There, probably due to the more 
n o r t h e r l y l a t i t u d e , no p o l l e n i s preserved i n the lalce c l a y 
which he makes the whole of h i s Zone I I I . I n comparing the 
two diagrams, there i s evidence to suggest that h i s Zone I I I 
boundary could be r a i s e d to i n c l u d e at l e a s t the d e t r i t u s . T h i s 
i s a p o i n t which he brings out i n h i s d i s c u s s i o n . On the other 
hand, w i t h Longlee Moor being f u r t h e r north, or the lake being 
deeper than a t Cranberry Bog, the s t r a t i g r a p h i c a l s u c c e s s i o n 
could have been delayed. 
The d i v i s i o n between the L a t e - and P o s t - g l a c i a l p e r i o d s 
i s marked i n the diagram by a sharp r e c e s s i o n i n herb v a l u e s and 
i n the d e p o s i t by a change from sand to swamp peat. These 
changes are g r e a t e r and more pronounced than those which 
accompanied the Zone I I - I I I t r a n s i t i o n , i l l u s t r a t i n g a g r e a t e r 
and more r a p i d change i n temprature. J u n i p e r q u i c k l y r e -
e s t a b l i s h e s i t s e l f , and then makes way f o r b i r c h woodland 
half-way through the Zone. Many L a t e - g l a c i a l herbs p e r s i s t 
i n t o Zone I V but are e l i m i n a t e d by the time of a r r i v a l of the 
B i r c h f o r e s t . 
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The F i l i p e n d u l a curve r i s e s through Zone I I , drops i n 
Zone I I I , but r i s e s again s h a r p l y a t t h e l l l / I V boundary and 
conti n u es through Zone I V. I t i s s a i d by I v e r s o n (1954) 
i n d i c a t e a r i s e i n temperature i n L a t e - g l a c i a l times, and 
i t s c l o s e correspondence w i t h the j u n i p e r curves adds e x t r a 
evidence to the p o s i t i o n s where boundaries have been l o c a t e d . 
The t r a n s i t i o n a l nature of Zone I V i s r e f l e c t e d i n 
Diagram 1. At the opening of the zone, herbs r e a c h t h e i r 
maximum e x t e n s i o n and by the end of the zone, b i r c h f o r e s t has 
reached i t s maximum development. 
The ' t r a n s i t i o n a l ' nature of the l o c a t i o n of Cranberry 
Bog v<ith regard to the whole of the L a t e - g l a c i a l p e r i o d , as 
w e l l as Zone I V can oe i l l u s t r a t e d by a comparison to s i t e s 
which have been i n v e s t i g a t e d , to the north and to the south. 
To the north, a t Longlee Moor, the t r e e and shrub v a l u e s , 
throughout Zones I to I V are lower than a t Cranberry Bog, but 
a t Bradford Kaims ( B a r t l e y , 1966), s i t u a t e d near Longlee Moor, 
but a t only 15° f e e t O.D., t r e e and shrub v a l u e s exceed the t h i r 
p e r c e n t , reached i n Zone I I a t Cranberry Bog. But a t both 
these s i t e s , d e s c r i b e d by B a r t l e y , no p o l l e n i s preserved i n 
Zone I I I . Diagrams p u b l i s h e d by Donner (1957). from the 
Southern Uplands of Sc o t l a n d , show only open v e g e t a t i o n i n 
Zone I I w i t h not even park tundra p r e s e n t . Closed b i r c h 
f o r e s t was only e s t a b l i s h e d a t the very end. of Zone IV, w i t h 
a F i l i p e n d u l a maximum i n Zone V. 
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To the south a t Neasham, 15° f e e t O.D. (Blackburn 1952) 
Zone I I I p o l l e n i s preserved as a t Cranberry Bog but t h e r e , t r e e 
and shrub values reach t o over 95 percent, of t o t a l dry land 
p o l l e n , i n Zone I I . Further south, a t Tadcasterin Y o r k s h i r e 
( B a r t l e y 1962), p o l l e n i s present i n Zone I i n countable 
numbers. The j u n i p e r maximum appears near the end of Zone I 
and i s f o l l o w e d i n Zone I I by the spreading of open b i r c h woods. 
There was no second j u n i p e r maximum and t h e r e f o r e , even i n 
Zone I I I , t here must have been open b i r c h woods which became 
closed woods a t the s t a r t o f Zone IV. This i s i n c o n t r a s t 
t o Cranberry Bog, where there was no woodland development 
at a l l u n t i l the middle of Zone IV. 
The opaaing; o f Zone V saw a great increase i n Corylus 
which reaches 700 percent, of t o t a l t r e e p o l l e n i n Via. This 
g r e a t increase i s not p a r a l l e l e d i n Pinus which expands a f t e r 
Corylus and reaches a s m a l l peak i n Zone 7. The Pine curve 
i s i n t e r e s t i n g through Zones V I and V I I . O l d f i e l d (1965) has 
po i n t e d out t h a t the spread of Pine took place a t d i f f e r e n t 
stages i n the woodland r e - c o l o n i s a t i o n of the B r i t i s h I s l e s . 
I n southern and eastern England, i t spread over pioneer Early 
P o s t - g l a c i a l b i r c h woodland, w h i l e i n the n o r t h west, Pine 
spread w i t h i n an area o f e s t a b l i s h e d deciduous f o r e s t . At 
Cranberry Bog, pine shows a peak a t the beginning of Zone V I 
before Ulmus. Q.uercus and Corvlus reach t h e i r h i g h e s t values 
cont'd 
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and i n t h i s respect corresponds w i t h the southern and 
ea s t e r n E n g l i s h diagrams, but i t reaches i t s maximum 
exten s i o n a f t e r the peaks i n Ulmfts and Corylus and consecu-
t i v e w i t h the maximum extension of Q.uercus a t the end o f 
VIb. I t r i s e s here a t the expense of Betula. Ulmus and 
Corylus and i n these respects corresponds w i t h the n o r t h 
west. During Zone V I I , Pinus i s s t i l l w e l l represented and 
t h i s must be due t o l o c a l c o n d i t i o n s as i t i s not r e f l e c t e d 
i n any other p a r t o f the B r i t i s h I s l e s . Betula p o l l e n 
always represents a t l e a s t 30 percent, of t o t a l t r e e p o l l e n 
through the F o s t - g l a c i a l p e r i o d , and t h i s i s probably also 
due t o l o c a l o v e r - r e p r e s e n t a t i o n . 
Zone V I I represents the most confusing p a r t of the 
diagram, and the reasons why Diagram 3 kad "to be prepared 
have been explained. Alnus i s very low through Zone V I I 
reaching no more than 20 percent., but values o f 40 percent. 
are recorded a t the baze of Zone V I I I . This great increase 
corresponds w i t h human d e f o r e s t a t i o n and the maximum extension 
of herb pollen.. I t i s probable t h a t the higher h i l l slopes 
were cle a r e d f o r a g r i c u l t u r a l purposes and the v a l l e y s l e f t 
f o r e s t e d ; a p a t t e r n t h a t s t i l l e x i s t s today. The h i l l s 
would have been less densley f o r e s t e d and more accessible 
than the steep v a l l e y slopes. B i r c h and pine on the h i l l s 
would have s u f f e r e d the most, l e a v i n g the alder-oak covered 
v a l l e y s t o pro v i d e a g r e a t e r percentage of t o t a l t r e e p o l l f n -
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Diagram evidence shows t h a t there i s a temporary 
d e c l i n e i n Betula. w i t h a more permanent d e c l i n e i n Pinus. 
These, and most other changes i n t r e e poll&natj-on 
curves at t h i s p o i n t , are a t present regarded as due p r i n c i p -
a l l y t o human i n t e r f e r e n c e but the w e l l evidenced c l i m a t i c 
changes accompanying t h i s boundary must al s o have had a 
gre a t e f f e c t . 
The onset o f human i n t e r f e r e n c e and d e f o r e s t a t i o n was 
at the beginning of Zone V I I , but i t i s not u n t i l half-way 
through the Zone, p o s s i b l y a t the s t a r t o f the Bronze Age, 
t h a t the Gramineae and Plamaga l a n c e e l a t a curves show a 
gr e a t increase. Many L a t e - g l a c i a l p l a n t s of open h a b i t a t s 
re-appear. The opening of Zone V I I I and the I r o n Age sees a 
g r e a t increase i n i n t e r f e r e n c e and i t would be i n t e r e s t i n g 
t o be able t o date t h i s phase. Four hundred B.C. i s the 
accepted date f o r Southern England w i t h f o u r hundred^A.D. 
most o f t e n found i n the n o r t h West. As the grenzhorizont i s 
normally dated t o f o u r hundred B.C. i t seems l i k e l y t h a t t h i s 
i s the date f o r I r o n Age a c t i v i ty around Cranberry Bog. 
A c t i v i t y was then reduced; a l l herb values f a l l , but 
increase again towards the top of the p r o f i l e . This increase 
i s not as g r e a t as expected, which ta most l i k e l y shows t h a t 
a l a r g e p a r t of the top of Zone H I I i s missing or condensed 
i n t o such a s m a l l thickness of peat t h a t mixing by roots,and 
cont'd 
and recent p o l l e n i n c o r p o r a t i o n has confused the t r e n d . 
Despite the f a c t t h a t p a r t s of the p o l l e n sequence 
are confused, the major balue of the diagram as a whole 
l i e s i n i t s completeness and, t h e r e f o r e , usefulness as a 
basic reference o f v e g e t a t i o n a l development i n t h i s p a r t 
o f the B r i t i s h I s l e s . 
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POLLEN DIAGRAM 1. CRANBERRY BOG(1967) 
THE TREE-SHRUB-HERB RATIO ' 
30 50 70 
i i 1 i 1 i 1 i • i 1 r 
HIGHLY HUMIFIED 
SPHAGNUM PEAT 
MODERATELY HUMIFIED 
SFHAGNUM PEAT 
WEAKLY HUMIFIEO 
SPHAGNUM PEAT 
MODERATELY HUMIFIED 
SPHAGNUM PEAT 
SPHAGNUM-ERIOPHORUM-
CALLUNA PEAT 
BRYOPHYTE PEAT 
SWAMP PEAT 
. ORGANIC SAND 
FINE DETRITUS 
WITH SAND AND CLAY 
THIN SANO LAYER 
SANDY LAKE CLAY 
FINE DETRITUS 
SANDY LAKE CLAY 
' 3 - 1 
40-
BO-
120-
160-
200-
2 4 0 -
2 8 0 -
3 2 0 -
90 — 1 — r — i 
VIII 
• VHb 
Vic 
VIo 
III 
I i 1 . l _ i 1 _ 
10 30 
T R E E S H R U B H E R B 
- 1 — • — I — * — I — i I i I 
50 70 90 
-s 
i E 
o> m o 
n i l ' I ' ! " I 
I I I I | | | 
1 I I | i | r 
IIH 
• | M | | | 
I I I 
i S u ' o o i m ' i b X i ° t» «J •»* 
I 
i i 
| 1 I I I ' 1 
m ash o c u 3: 
POLLEN DIAGRAM 3. CRANBERRY BOG (1967) 
POST-GLACIAL TREE AND SHRUB VALUES ( a s percentages of total tree pollen) 
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POLLEN DIAGRAM 5. POST-GLACIAL AQUATIC & SPORE VALUES (05 percentages of total tree pollen) CRANBERRV MOSS 
(1967) 
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